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Introduction
cell wall leading to protoplast release; second, cultural conditions must be found for maintenance of the protoplasts and provision of the appropriate osmotic conditions, nutrients, and stimuli for cellular proliferation. In this study, special attention was paid to the latter features with a view to achieving more prolonged survival of protoplasts in culture and their multiplication.
Material and methods
Protoplasts were isolated from various sources, including seedling roots and mesocotyls (Zea), isolated root tips grown in culture (CongoZsulus), and callus tissues grown in agar or liquid culture (ConvobuZus and Allium). In table 1 the sources of tissues and the media used for protoplast isolation and culture are listed. With respect to cultured tissues, it was found most effective to maintain the protoplasts in the same nutrient medium used for organ or tissue culture, modified in each case by the addition of the plasmolyticum.
Seeds of Zea mays L. were surface sterilized with a 5% solution of Pittchlor (commerical sodium hypochlorite), washed with sterile distilled water, and germinated aseptically in the dark. When the roots were 2-3 cm long, sections were cut from elongating portions of the root and mesocotyl and subjected to enzyme treatment. Root tips of Conroltulus arrensis L., which have been maintained for many years in our laboratory (TORREY 1958) , were cultured in 125-ml Erlenmeyer flasks containing 50 ml of liquid medium on a rotary shaker (80 rpm) in the dark at 24 C. Root segments immediately proximal to the root tip were used as the source of protoplasts. Root calluses of C. arvensis L. and AZlium cepa L. which had been subcultured regularly on agar nutrient media for several years were employed as sources of protoplasts.
All tissues from these different sources were Results and discussion MAINTENANCE OF PROTOPLASTS. The process of protoplast isolation involves two steps. The raised osmotic concentration of the medium leads to plasmolysis and the formation of spherical protoplasts within the cell walls an essential first step in the process Although such plasmolysis could be achieved with supplements of sorbitol as low as 0.25 M, it was found that the greatest protoplast release could be effected by the addition of 0.4 M sorbitol to the nutrient medium. The concomitant enzyme treatment weakerled the cell wall sufficiently to allow release of the spherical protoplasts. The process of release was assisted by mechanical teasing of the tissue piece, which disrupted the already weakened walls and effected protoplast release.
In general, callus tissues required a longer period of enzyme treatment than did seedling tissues. Although it was more diicult to obtain protoplasts from callus tissues than from seedling tissues, it was found that protoplasts from callus tissues were less vacuolate, showed less tendency to burst, and survived longer in culture. Perhaps this is because callus cells are better adapted to an in vitro environment than cells freshly isolated from the seedling.
In the use of cultured tissues, the age of the callus tissue since the last transfer was important. This point has been considered also by ERIKSSON and JONASSON (1969) . Agar-grown callus tissues which had been subcultured in fresh medium about 1 week prior to enzyme treatment produced the best protoplasts. This time coincides with a phase of rapid cell multiplication. Once the tissue had been placed in the enzyme mixture to incubate, the cultures were maintained in the same medium throughout the experiment to reduce chemical shock. After release, the protoplasts were washed in fresh medium to remove the enzyme and then cultured in the medium with the high concentration of sorbitol. Attempts to transfer the protoplasts back to a medium with an osmotic concentration closer to or equal to the original nutrient medium were largely unsuccessful, leading to bursting. Apparently, however, the high osmotic pressure of the medium is no block to mitosis (NAGATA and TAKEBE 1970) .
Through use of these procedures, almost all the cells yielded viable protoplasts, which were spherical and uninucleate ( fig. 7) . With phase optics, the structures of the cells were clearly evident. The protoplasts typically showed cyclosis of the cytoplasm together with a slow rearrangement of organelles and granules and with changed shapes and sizes of the optically less dense vacuoles. In many cases, such protoplasts were observed to remain viable and healthy for at least 3 weeks.
PROTOPLAST BUDDING. In cultures of protoplasts derived from callus tissues or cultured roots of Convolvulus, the phenomenon of protoplast "budding" was encountered. During the first several days in culture, these protoplasts formed new cell walls, as was manifest by a change from the spherical shape accompanied by an increase in size. After about 10-14 days in culture, manv of the protoplasts of Convolvulus showed localized bulging of the cytoplasm due to a weakening of a part of the cell wall. The cytoplasm protruded because of the internal pressure of the cell and remained distended with a cytoplasmic connection maintained between the mother cell and the protuberance ( fig. 1) . A new wall formed around the bud; it either remained attached to the mother cell ( fig. 2) . 8, 9) . Rarely, nuclei were observed well apart from each other with aggregations of granules between them ( fig. 10) . No certain cell plate formation was observed in these cultures. Nuclei were observed which were lobed, containing several nucleoli (fig. 9 ). Spherical cells derived from protoplasts which contained four or six nuclei were also observed. It is believed but not proved that these spherical structures possessed an outer limiting cell wall.
The presence of cell walls around multinucleate protoplasts was clearly evident in cells which underwent budding. Figures 11-13 represent stages irl the formation of buds in a Convolvulxs protoplast which contained four nuclei. In this case, the nuclei remained close together in a dense cytoplasmic mass and showed no tendency to migrate to the new blld which was rich in peripheral cytoplasm. Upon bursting of the buds, the mother cell was able to repair the break and reestablish an intact and viable multinucleate cell.
An attempt was made to improve nutrient conditions to permit normal wall formation between newly formed nuclei. Since no regular wall formation by cell plate development was observed in any of the previously described preparations, it was considered that the total elimination of sucrose from the medium as well as the excessive osmotic concentration of the culture medium might be limiting. We therefore tested a series of media in which Q.4 M sorbitol was replaced by mixtures of lSo sucrose plus levels of sorbitol varying from 0.2 to 0.4 . In all of these treatments protoplast release occurred balt in much smaller numbers at the 0.2 and 0.25 M sorbitol levels. At 0.3 M sorbitol plus 1% sucrose, optimum protoplast release, survival, and nuclear division were achieved. In every culture established in this medium some protoplasts showed nuclear division by the second day. About 4<7O became binucleate, and 2%o showed three or four nuclei. In week-old cultures an occasional multinucleate cell appeared to have formed a wall, but this fact was not demonstrated conclusi+rely. It appeared, however, from these experiments, that a low level of sucrose, supplementing the plasmolytic levels of sorbitol, was favorable for survival and nuclear multiplication. Normal cell proliferation was not achieved in these conditions. KAO et al. (1970) , using a closely similar technique, were able to achieve this type of proliferation from protoplasts derived from soybean cell suspensions.
ATTEMPTS AT PROTOPLAST BUSION. IR animal cell cultures, "Sendai" virus has been used to achieve the fusion of animal cells (HARRIS 1970) . We were interested in testing this method on our cultured plant protoplasts. To three to four drops of protoplast suspensions of Convolvglus, placed in a Unitron cavity slide, a drop of UV-treated K6 "Sendai" virus concentrate was added. (This virus preparation was kindly prorrided us bv K. HOLMES.) During incubation the slides were agitated intermittently at room temperature and observed at intervals. No agglutination or fusion was seen.
To test the activity of the virus preparation in our culture conditions, a drop of lSo chicken erythrocytes in phosphate-buffered saline (pH 7.2) was added to the protoplast cultures at room temperature. The erythrocytes readily fused together, but there was no fusion of plant protoplasts or of erythroctes to plant protoplasts for a period of ob.servation of 1lp to 45 min. We concluded that this vitus activity does not exterld to protoplasts of Contolv?lus under our conditions of culture. 
Introduction
In the central region of Chile, between the latitudes of approximately 33°-380 S, the predominant vegetation is an evergreen sclerophyllous scrub (matorral). Average annual precipitation in this region varies between somewhat over 300 to almost 1,500 mm, with a summer drought period ranging from 2 to almost 6 months ( MOONEY et a1. 1 9 70 ) .
At somewhat lower latitudes, where the annual precipitation is less and the length of the drought period longer, the evergreen scrub gives way to a vegetation which has fewer evergreens and more succulent and drought deciduous elements (MOONEY et al. 1970 ) .
U;ithin the region where these vegetation types overlap, there is the opportunity to study their comparative response to drought of more or less equal duratiorl. Such a comparative study should lead to an understanding of the adaptive advantages of the various morphological types to drought stress. This information, coupled with a knowledge of the variability and extent of these mediterranean-type climatic regimes, should enable predictions as to vvhere and why certain grovvth forms prevail along the aridity gradient extending from northern to southern central Chile, as well as comparable gradients in other mediterranean-climatic regions of the world.
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